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Introduction
Dementia is a common outcome measure in several observational studies and clinical trials of mild cognitive impairment (MCI) patients. A dementia diagnosis is often based on standard and widely used criteria that are, however, poorly operationalized. Among the studies focused on dementia diagnosis there is a large heterogeneity in terms of the neuropsychological tests (focused either on global functioning or specific cognitive abilities), number and type of cognitive domains, and psychometric thresholds used to define objective impairment in neuropsychological test performance. This may introduce discrepancies in both research and clinical settings. Moreover, dementia criteria based on memory deficits, mainly developed for Alzheimer disease, may not be suitable for dementia associated with cerebrovascular diseases, in which memory dysfunctions could be less prominent [1, 2] .
In 2013, the American Psychiatric Association published the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), which introduced the new term "neurocognitive disorders" (NCDs) to replace the DSM-IV category "delirium, dementia, amnestic and other geriatric cognitive disorders" [3] . In the DSM-5 criteria for NCDs, impairment in any cognitive domain, including executive function, is sufficient for the diagnosis, and the memory domain is no longer hierarchically prominent [3] .
Another relevant change in the DSM-5 criteria is the distinction between "mild" and "major" NCDs, with the first term being closely aligned with MCI. The authors of the DSM-5 clearly state that mild and major NCDs exist along a continuum, and that precise thresholds are difficult to determine, but they recommend evaluating an individual's performance in light of the prior administration of the same test [3] . Measuring the magnitude of cognitive change over time is therefore of utmost importance in evaluating the transition from mild to major NCD. At present, however, criteria for defining clinically significant psychometric thresholds for change from a previous level are missing.
The main objective of the present study was to contribute to the emerging line of research focused on statistically derived neuropsychological criteria for the operational definition of cognitive impairment of various degrees. In the present study, we aimed at operationalizing the DSM-5 criteria for determining the transition to major NCD in a sample of MCI patients with cerebral small vessel disease (SVD) by means of (1) defining a set of hierarchically ordered psychometric thresholds for cognitive worsening from a previous level, and (2) evaluating how the application of progressively less severe thresholds for cognitive worsening could increase the rate of patients diagnosed with major NCD. We further aimed at assessing the outcomes of patients with MCI and SVD also in terms of the association between baseline MCI subtype and the transition to major NCD using the operationalized criteria.
Materials and Methods
The Vascular MCI (VMCI)-Tuscany Study is a multicenter, prospective, observational study with the primary objective of examining the determinants of transition from VMCI with SVD to dementia. The study methodology has been reported in detail elsewhere [4] . The study was conducted in accordance with the Helsinki Declaration and was approved by the local ethics committee; each patient gave written informed consent.
To be included, patients had to be classified as (1) affected by MCI according to the criteria of Winblad et al. [5] , and operationalized according to Salvadori et al. [6] , and (2) showing evidence on MRI of moderate-to-severe white matter hyperintensities (WMHs) according to a modified version of the Fazekas scale [7] . The degree of WMH severity was rated on FLAIR (fluid-attenuated inversion recovery) sequences taking into account only deep and subcortical white matter lesions. The modified Fazekas scale is a visual scale based on a categorization into 3 severity classes: grade 1 (mild WMH) = single lesions < 10 mm, areas of "grouped" lesions < 20 mm in any diameter; grade 2 (moderate WMH) = single lesions between 10 and 20 mm, areas of "grouped" lesions > 20 mm in any diameter, no more than "connecting bridges" between individual lesions; and grade 3 (severe WMH) = single lesions or confluent areas of hyperintensity ≥20 mm in any diameter. According to the study protocol, at baseline each patient underwent a comprehensive clinical, neuropsychological, and functional evaluation that was repeated after 12 and 24 months. The neuropsychological protocol, namely, the VMCI-Tuscany neuropsychological battery [8] , and the functional scales [9, 10] are detailed in Table 1 .
At baseline evaluation, the diagnosis of MCI required ≥1 borderline score (an adjusted score between the outer and inner 95% confidence limits for the 5th percentile of the normal population according to published normative data) among the 12 scores deriving from the 9 neuropsychological tests included in the VMCI-Tuscany neuropsychological battery [8] . The MCI subtypes were further divided into amnestic (single or multiple domain) and nonamnestic (single or multiple domain) according to the criteria of Winblad et al. [5] . Despite the fact that the main outcome declared in the original VMCI-Tuscany Study protocol was transition from MCI to dementia diagnosed according to the DSM-IV criteria [4] , we decided to apply the more recent DSM-5 criteria for major NCDs and to reformulate the VMCI-Tuscany Study's main outcome as transition from MCI to major NCD.
In applying the DSM-5 criteria in our longitudinal research setting, we introduced some methodological arrangements, detailed below, to ensure the harmonization of different needs: (1) a standardized diagnostic algorithm to guarantee reproducibility, and (2) a caseby-case evaluation of clinical status and of the occurrence of comorbidities that could influence the functional status in the elderly.
The diagnosis of major NCD was operationalized as follows. For each patient, we evaluated separately the 2 core features of the DSM-5 criteria: evidence of a significant cognitive decline (cognitive outcome) and interference with the capacity for independence in everyday activities (functional outcome). Both cognitive and functional outcomes were defined as change compared to the baseline evaluation, and categorized as "improved," "stable," or "worsened."
Change in functional outcome was based on the Activities of Daily Living (ADL) [9] and Instrumental Activities of Daily Living (IADL) [10] scales, and the "worsened" condition was defined as the occurrence of at least one of 2 conditions: (1) loss of ≥1 ADL item, i.e., the patient has become dependent in ≥1 item function that was preserved at the baseline evaluation, and (2) loss of ≥2 IADL items, i.e., the patient has become dependent in ≥2 activities that were preserved at the baseline evaluation.
A worsened functional outcome was considered an indispensable prerequisite for transition to major NCD, and represented the first step in the operationalized diagnostic algo-rithm. As a second step, the changes in cognitive outcome were evaluated. To this purpose, based on the VMCI-Tuscany neuropsychological battery, we considered changes in performance on the 12 scores deriving from the 9 second-level tests (Table 1) , excluding the global cognitive functioning ones, within 4 cognitive domains (memory, attention/executive function, language, and visuoconstruction): − Rey Auditory Verbal Learning Test (RAVLT) [11] and Short Story Recall Test [12] for verbal memory. The RAVLT included immediate recall (the participants were given a list of 15 unrelated words repeated over 5 different trials) and uncued free delayed recall administered after 15 min. In both tasks, the score was the total number of recalled words; higher scores represented better performance. The Short Story Recall Test was a 28-unit story used to measure both immediate and uncued free delayed recall (after 5 min). The final score was the mean of the number of recalled items in both trials; higher scores represented better performance. − Rey-Osterrieth Complex Figure [13] for constructional praxis (immediate copy: the participants were asked to copy a complex geometrical figure) and visuospatial memory (delayed recall: after 10 min, the participants were asked to reproduce the figure from memory). In both tasks, the summary score was based on the presence and accuracy of 18 units of the figure (score range 0-36); higher scores represented better performance. − Trail Making Test [14] for psychomotor speed (part A, simple condition: the participants were asked to connect a sequence of 25 numbers in order) and divided attention (part B, alternating condition: the participants were asked to alternately connect a sequence of 25 numbers and letters). In both tasks, the score was the amount of time required to complete; higher scores represented worse performance. − Visual search [15] for focalized attention. The task was to detect and cancel target digits within a time limit, and the score was the number of correct targets crossed out (score range 0-50); higher scores represented better performance. − Symbol Digit Modalities Test [16] for maintained attention. The participants were asked to state the number that correctly corresponded to a symbol according to a key sequence. The score was the number of correct answers within a 90-s time period (score range 0-110); higher scores represented better performance. [17] for selective attention and response inhibition. In the congruous condition tasks, the participants were required to read color words printed in black ink and name different color patches, while in the incongruent condition task the participants were required to name the color of the ink of color words instead of reading. The interference effect was evaluated based on execution time (in seconds); higher scores represented worse performance. − Phonemic (P-F-L) and semantic (animals-fruits-cars) verbal fluency tests [18] for language. For both tests, the final score was the total number of words produced for the 3 initials or categories, respectively; higher scores represented better performance. The "worsened" cognitive condition was defined as reaching ≥1 of 3 psychometric thresholds for change from baseline performance: 1. At least 1 additional impaired cognitive domain, i.e., ≥1 impaired cognitive test result (performance ≥2 SD or 3rd percentile below the norm) within a cognitive domain that was not impaired at the baseline evaluation 2. At least 1 additional impaired cognitive test result (performance ≥2 SD or 3rd percentile below the norm) within a cognitive domain that was already impaired at the baseline evaluation 3. At least 2 additional borderline cognitive test results (performance between 1 and 2 SD or 3rd-16th percentiles) in the presence of ≥1 already impaired cognitive test result (performance ≥2 SD or 3rd percentile below the norm) The thresholds were conceived to represent 3 hierarchically ordered conditions of cognitive worsening, from the clinically most significant level of change (1 additional impaired cognitive domain) to the least significant one (2 additional borderline cognitive test results). To evaluate the impact of including progressively less severe thresholds for cognitive worsening on the rate of patients diagnosed with major NCD, the 3 psychometric thresholds were applied successively in the abovementioned hierarchical order.
The intersection of the categorized cognitive and functional outcomes resulted in a 3 × 3 decision-making table that guided the determination of the final diagnosis (reverted, stable MCI, or major NCD) (Fig. 1) . In case of a worsened functional outcome and a stable cognitive outcome, a major NCD diagnosis was established only if the functional status was not consequent to other diseases (e.g., stroke, heart diseases, etc.) or physical limitations. According to the DSM-5 criteria for specification of the severity of major NCDs, patients were further classified as "mild" or "moderate" depending on whether they had difficulties in only instrumental or also basic activities of daily living. To make the final diagnosis, we considered the last evaluation (at 24 months). In case of an incomplete evaluation at 24 months or transition to major NCD at the first follow-up visit, we used data from the visit at 12 months.
Statistical Analysis
Independent-sample nonparametric Mann-Whitney U tests and χ 2 tests were used to compare patients that received the final diagnosis and dropouts according to baseline demographics (age, years of education, and sex), global cognitive functioning (adjusted scores on the Montreal Cognitive Assessment and Mini-Mental State Examination), and functional status (number of impaired items on the IADL scale).
Descriptive statistics were used to show the frequency distributions of longitudinal diagnostic categories. To verify whether the longitudinal diagnostic groups differed in baseline characteristics, independent-sample nonparametric Kruskal-Wallis and χ 2 tests were used to compare demographics (age, years of education, and sex), global cognitive functioning (adjusted scores on the Montreal Cognitive Assessment and Mini-Mental State Examination), and functional status (number of impaired items on the IADL scale).
Univariate statistical analysis (Pearson's χ 2 test) was used to compare the distributions of the baseline MCI subtypes across the longitudinal diagnostic categories.
Results
After a median follow-up of 24 months (interquartile range [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , 138 of the 153 patients of the VMCI-Tuscany baseline cohort (mean age 74.4 ± 6.9 years; male 57%) had follow-up information sufficient to formulate a final diagnosis. Of the 15 patients that did not receive a diagnosis, 12 refused to undergo any follow-up visit and 3 underwent at least one follow-up visit but had incomplete evaluations. Comparisons between the 138 patients that received a diagnosis and the 15 excluded ones showed that there were no statistically significant differences in baseline demographics, global cognitive functioning, and functional status ( Table 2) . Concerning the vascular risk factor distribution among the 138 patients of the final cohort, 115 (83%) had hypertension, 86 (62%) had hypercholesterolemia, 20 (14%) had diabetes, 63 (46%) had a smoking habit, 51 (37%) had a history of stroke, and 43 (31%) consumed alcohol. Of these 138 patients, 37 received their last evaluation at 12 months (18 due to an incomplete evaluation at 2 years and 19 due to transition to major NCD) and 101 at 24 months. Among the 138 patients with a final diagnosis, 10 (7%) reverted to normal cognition, 84 (61%) remained with MCI, and 44 (32%) had a diagnosis of major NCD (35 mild and 9 moderate) (Fig. 2) .
Among the 44 patients diagnosed with major NCD, 7 (16%) presented a worsened functional outcome and a stable cognitive outcome. All these patients had ≥1 impaired cognitive domain, thus fulfilling the diagnostic criteria for major NCD. Twenty-one major NCD patients (48%) presented ≥1 additional impaired cognitive domain. Of the remaining 16 patients, 15 (34%) had ≥1 additional impaired cognitive test result in an already impaired cognitive domain, and 1 patient (2%) fulfilled only the criterion of ≥2 additional borderline cognitive test results. The results of the operationalization of the criteria for major NCD are shown in Figure 2 .
Comparisons of the baseline characteristics between the longitudinal diagnostic groups are shown in Table 3 . While there were no statistically significant differences in baseline demographics, the patients who received a diagnosis of major NCD had both significantly lower scores on the global cognitive functioning tests and a significantly higher number of impaired items on the IADL at the baseline evaluation.
The distribution of the 4 baseline MCI subtypes (amnestic -single or multiple domain; nonamnestic -single or multiple domain) across the longitudinal diagnostic groups is shown in Table 4 , and the χ 2 analysis showed a significant association (p < 0.001). Half of the amnestic single-domain MCI patients (n = 4; 50%) reverted to normal cognition and the other half remained stable. Most of the nonamnestic single-domain MCI patients (n = 7; 70%) remained with MCI, and the remaining (n = 3; 30%) reverted to normal cognition. Overall, single-domain MCI patients, mainly of the amnestic type, were more likely to revert to normal cognition than multiple-domain MCI patients (39 vs. 2.5%), and no one received a diagnosis of major NCD. Considering multiple-domain MCI, most of the nonamnestic patients remained with MCI (n = 13; 72%), 3 patients (17%) received a diagnosis of major NCD, and 2 (11%) reverted to normal cognition, while the amnestic subgroup had the highest proportion of patients that received a diagnosis of major NCD (n = 41; 40%) compared to all the other subgroups. 
Discussion
We proposed an operationalization of the DSM-5 criteria for the determination of transition to major NCD in a longitudinal study. The DSM-5 criteria for major NCD require a significant cognitive decline (performance in formal testing 2 SD or 3rd percentile below the norm) from a previous level of performance in ≥1 cognitive domain. Usually, the application of these criteria is cross-sectional and based on the psychometric distance between normative data and the patient performance measured at a single time point, or on a presumed or referred change from a previous level, and not on an objective evaluation of changes in the performance of the same patient on the same tests evaluated at two different time points. To the best of our knowledge, only one study applied an operationalization of the DSM-5 major NCD criteria to a population-based cohort -together with a cross-sectional assessment of decline also including an evaluation of the mean decline in cognitive test performance over time [19] . In our operationalization, the transition from mild to major NCD was entirely based on cognitive and functional changes from the baseline evaluation. For this, we defined hierarchically ordered psychometric thresholds that could represent a clinically significant change.
In our study, both criteria 1 and 2 (i.e., ≥1 additional impaired cognitive test result either in an already impaired or a new cognitive domain) are an operationalization of the DSM-5 rules that define a decline in the same cognitive test severe enough to reach the psychometric threshold of ≥2 SD or 3rd percentile below the norm. Eighty-two percent of our patients who received a major NCD diagnosis fulfilled criterion 1 or 2, and most of them presented with impairment in a cognitive domain that had been normal at baseline. The addition of the less stringent criterion (i.e., ≥2 additional borderline cognitive test results in the presence of ≥1 already impaired cognitive test result) led to only 1 further patient being diagnosed with major NCD. Therefore, this criterion does not seem clinically significant.
Our research is in line with other emerging approaches to defining statistically derived neuropsychological criteria for the operational definition of subjective complaint, MCI, and dementia. As shown in several studies by Bondi and colleagues, the application of a neuropsychological method for actuarial diagnostic decision-making provided a more accurate and better characterization of MCI than did the use of conventional criteria based on clinical judgment and a simple cognitive screening [20] . Bondi and colleagues tested diagnostic approaches based either on statistically based cutoff points or on empirically derived clusters based on patterns of performance [21, 22] , and the present study is in line with the former line of research. Our approach to a statistical diagnostic algorithm fulfills the need for a comprehensive multidomain neuropsychological evaluation and the incorporation of functional information into the decision-making process. Differently from previous statistically derived approaches to the diagnosis of cognitive impairment, our proposed diagnostic algorithm for major NCD is focused on the definition of clinically significant psychometric thresholds for change from a previous level of objective performance, and is hierarchically conceived to give primary importance to the number of impaired cognitive domains and secondary importance to the degree of deviation of test performances from normative data. Because the distinction between mild and major NCD still depends on the preservation of functional activities, only patients with a worsened functional outcome and a stable or worsened cognitive outcome received a diagnosis of major NCD, while a worsened cognitive outcome without functional decline was not considered a sufficient condition. Conversely, in case of a stable cognitive outcome and a worsened functional status, the occurrence of other diseases or physical limitations that could have impacted the functional status was excluded before establishing a diagnosis of major NCD. In this case, we decided to still provide a diagnosis of major NCD, considering the functional decline as a marker of loss of the ability to use compensatory strategies in everyday activities due to a subthreshold cognitive decline or a failure of protective factors such as cognitive reserve. These patients could therefore represent a borderline category along the continuum from mild to major NCD, for which a worsened functional status could be considered as a stand-alone diagnostic criterion when a high degree of cognitive impairment is already evident and any other cause of the functional decline can be excluded.
In our cohort of MCI patients with SVD, about one-third progressed to major NCD after the 2-year follow-up, with few patients reverting to normal cognition. Only a few studies have evaluated the natural history of MCI patients with cerebral SVD or defined as having VMCI. Overall, the available evidence highlights some variability in conversion rates from MCI to dementia, ranging from about 15 to 50% [23] [24] [25] [26] [27] [28] . Several factors, such as the follow-up duration (ranging from 2 to 5 years) and the diagnostic criteria [23] [24] [25] [26] [27] [28] , likely explain this variability. The conversion rate in our short-term follow-up study was similar to that found in other studies with similar follow-up durations [24, 27, 28] .
We also showed that patients with the multiple-domain MCI subtype (mainly the amnestic subgroup) are more likely to progress to major NCD, while those with the single-domain MCI subtypes have a less predictable outcome, with the highest proportion having reverted to normal cognition and no one having received a diagnosis of major NCD.
The hypothesis that different MCI subtypes could underlie different etiologies, and thus be useful in predicting specific dementia types, has important clinical implications in terms of preventive and therapeutic strategies [29] . The predictive accuracy of MCI subtypes for specific types of dementia is still somehow unclear [30] [31] [32] [33] [34] [35] [36] [37] , and beyond the aims of the present study. Taking into account conversion to all types of dementia, most studies report that patients with multiple-domain MCI have the highest risk of developing dementia, while patients with single-domain MCI have the highest frequency of reversion to normal cognition [30-32, 36, 37] . Thus, multiple-domain MCI could denote a greater extent of cognitive dysfunction than single-domain MCI, and thereby represent a more advanced stage of disease [38, 39] . On the other hand, single-domain MCI seems to have a more favorable prognosis, and could correspond to a heterogeneous category including patients in an early stage or cognitively normal individuals misdiagnosed as having MCI due to normal variability in cognitive test performances [38, 39] . Our results are also in line with the hypothesis that MCI of presumed vascular etiology is mainly associated with impairment in multiple domains [29] .
Some limitations of our study need to be considered. A first one is that the exclusion of clinical or physical factors that could have reduced the functional status of patients with a stable cognitive outcome was based on a certain set of information. Despite the great amount of available data, we cannot completely exclude the presence of other unknown or subtle clinical conditions.
A second possible limitation is that in our cohort the multiple-domain MCI groups were notably larger than the single-domain MCI groups, and this reduced the statistical power of the comparative analyses of the distribution of baseline MCI subtypes across the longitudinal diagnostic groups. Furthermore, the very limited sample sizes of the single-domain MCI groups decrease the generalizability of the evidence concerning their longitudinal outcomes, and our results need to be taken with caution and further explored in larger samples of MCI patients.
A third possible limitation concerns some shortcomings of the selected neuropsychological tests. The verbal memory tests of the VMCI-Tuscany neuropsychological battery included uncued free recall, which did not allow describing any specific profiles of the memory deficits, i.e., distinguishing between pure amnestic hippocampal and dysexecutive recall deficits. This choice was based on the unavailability of national normative studies of tests of verbal memory with cued recalls at the time the neuropsychological battery was developed. Another possible concern pertains to the ecological validity of the selected neuropsychological tests, which becomes of great relevance when neuropsychological testing has a key role in uncovering whether a patient's functional problems are a result of cognitive deficits. In line with evidence for the major part of traditional neuropsychological tools, the literature investigating the ecological validity of the neuropsychological tests used in the present study has shown conflicting results, and the magnitude of the significance of associations with measures of everyday skills was in the moderate range. To increase its ecological validity, neuropsychological assessment would benefit from the inclusion (among traditional test batteries) both of behavioral observations, rating scales, and self-report measures of functional status and of newer tests developed to maximize verisimilitude.
A last possible limitation is the lack of advanced imaging or biological markers for the identification of the etiology of NCDs. However, this reflects the situation in clinical settings, where there is limited access to advanced biomarkers. On the other hand, in real clinical practice several follow-up evaluations of the same patient by means of the same cognitive tests might not always be feasible, and this could further reduce the feasibility of the proposed approach. The present study aimed to propose one decision-making procedure for the diagnosis of major NCDs based on explicit psychometric thresholds, and this approach could be particularly useful in research settings and clinical services where patients undergo multiple functional and cognitive assessments over time.
In conclusion, we performed an operationalization of the DSM-5 criteria for major NCDs in patients with SVD. According to this operationalization, we provided a rate of transition for this patient population to be used in future clinical trials and ongoing longitudinal studies.
